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The relation between obesity, particularly abdominal
obesity, and risk of stroke amongst women remains
unclear. In 1991-1992, a prospective study was
initiated in Sweden amongst women who returned a
self-administered questionnaire. Through linkage
with nation-wide registries, 45 449 women, free of
stroke at entry, were followed up until diagnosis of
first incident stroke, death, or the end of follow-up in
2002. We estimated multivariate relative risks (RRs)
with 95% confidence intervals (CIs) from Cox

proportional hazards regression models. A total of
170 incident stroke cases occurred during an
average of 11 years of follow-up. The RR of stroke
amongst women in the highest compared with the
lowest quintile was 2.4 (95% CI 1.3—4.2; P for trend
0.04) for waist-to-hip ratio, 2.5 (95% CI 1.5-4.3; P
for trend 0.01) for waist-to-height ratio and 2.3
(95% CI 1.2-4.3; P for trend 0.02) for waist
circumference. Adjustment for hypertension and
diabetes attenuated these risk estimates. In
contrast, birth weight, body mass index (BMI) at
age 18, BMI at entry, weight change in adulthood
and adult height were not significantly associated
with risk of stroke. This study provides evidence
that, in contrast to BMI, several different measures
of abdominal obesity are strong predictors of stroke
in women.
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Introduction

Globally, most deaths are attributable to noncom-
municable diseases and just over half of these result
from cardiovascular diseases. Amongst the latter,
stroke is the second most common cause of death
and the leading cause of long-term disability world-
wide. Hence, stroke represents a major public health
problem as well as a heavy socioeconomic burden
for society [1]. Although stroke is in part prevent-
able through intervention against several estab-
lished risk factors, the association between a high
body mass index (BMI) and stroke remains contro-
versial, with either positive [2] or null [3] associa-
tions reported. Some authors suggested, however,
that high BMI may not be the most informative
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measure of obesity with respect to risk of stroke [4]
and myocardial infarction [5].

To this end, we aimed at investigating the
relation between body mass, waist circumference,
waist-to-hip ratio (WHR) and height to the risk of
stroke using prospective data from the Swedish
Women'’s Lifestyle and Health Study.

Subjects and methods

Study cohort

As described previously in detail [6—8], the Swedish
Women'’s Lifestyle and Health Cohort Study was
initiated in 1991 and 1992. A random sample of
96 000 women who were born between 1943 and
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1962 (i.e. aged 30-50 years at inclusion) and were
residing in the Uppsala Health Care Region (which
comprises about one-sixth of the Swedish popula-
tion) was drawn from the National Population
Register at Statistics Sweden. Each individual is
identified by an individually unique national regis-
tration number which encodes information on the
date of birth. All women received a letter inviting
them to participate in the study. The letter also
requested that they answer a comprehensive ques-
tionnaire.

A total of 49 259 women returned completed
questionnaires. In the present analysis, we excluded
13 women because they emigrated before the start
of follow-up, 1834 women who reported coronary
heart disease, 18 women who reported a stroke
before cohort enrolment, and 1946 women with
missing information on height or weight at cohort
enrolment. Hence the study population in our main
analyses included 45 449 subjects. For the analysis
of WHR, 11 871 women who had no information
on waist or hip circumference were further exclu-
ded, and therefore 33 578 subjects were included.

Exposure assessment

Information about anthropometric measures was
based on the questionnaire administered at cohort
enrolment. Women were asked about their birth
weight, and the perceived body shape at age 7
compared with other girls of the same age. Based on
pictograms provided in the questionnaire, they clas-
sified themselves as very thin, thin, average, fat and
very fat. They were also asked about their waist and
hip circumference, as well as weight at cohort
enrolment in 1991-1992, weight at age 18 and their
adult height (cm). BMI was calculated as weight (kg)
divided by the square of the height (m). WHR was
calculated as waist circumference divided by hip
circumference. The quintiles of WHR were defined as
01: <0.76, Q2: 0.76-0.799, Q3: 0.80-0.839, 04:
0.84-0.879 and Q5: >0.88. Waist-to-height ratio
was calculated accordingly and defined as Q1: <0.44,
02: 0.44-0.469, 03: 0.47-0.499, 04: 0.50-0.539
and Q5: 20.54. The quarters of waist circumference
was defined as Q1: <70, Q2: 70-79.9, 03: 80-89.9
and Q4: 290. We calculated BMI at age 18 and at
study enrolment. We also created an indicator vari-
able on the change in body shape between age 7 and
adulthood with the following categories.
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1 Remained thin: was thin/very thin at age 7 and
had a BMI < 20 kg m~? at both age 18 and 1 year
before enrolment;

2 Decreased weight: had average body shape at age
7 and had a BMI < 20 kg m™2 at age 18 or 1 year
before interview or was fat/very fat at age 7 and had
a BMI <25kgm 2 at age 18 or 1 year before
interview;

3 Remained at an average body weight: had average
body shape at age 7 and a BMI between 20 and
25 kg m™? at age 18 and 1 year before interview:
4 Increased weight: was thin/very thin at age 7 and
had a BMI 20 kg m™2 at age 18 or 1 year before
interview or had average body size at age 7 and a
BMI >25kgm ™ at age 18 or 1 year before
interview; and

5 Remained fat: was over the average in body shape,
was fat/very fat at age 7, and had a BMI > 25 kg m ™2
at age 18 and/or 1 year before interview.

We further calculated changes in BMI between
age 18 and entry to the study and classified this
difference (BMI units) as decreased, increased up to
1.4 U, increased 1.5-4.0 U, and increased >4.0 U.

Follow-up

Identification of women with an incident stroke was
achieved through linkage of the cohort data file to
the Swedish Inpatient Register and Causes of Death
Register. The individually unique national registra-
tion numbers present in the cohort data set and in
other national registries in Sweden ensured unam-
biguous linkage. The National Board of Health and
Welfare has established the nation-wide Inpatient
Register to document individual hospital discharges.
Each record, corresponding to one in-hospital epi-
sode, contains (i) the patient’s national registration
number, (ii) the date for hospital admission and
discharge and (iii) up to eight discharge diagnoses
coded according to the 9th version of the Interna-
tional Classification of Disease (ICD-9) from 1987 to
1996 and the 10th version (ICD-10) thereafter.
We considered cases in the Inpatient Register with
any of the following codes in the main diagnosis:
ischaemic stroke (occlusion of cerebral arteries)
(ICD7: 332; ICDS8: 433-434; ICD9: 434; ICD10:
163.3-163.9), intra-cerebral haemorrhage (ICD7:
331;1ICDS8,9: 431; ICD10: 161) and undefined stroke
(ICD7: 334; ICD8,9: 436; ICD10: 164). Because
some patients might have suffered from sudden
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death due to stroke without being hospitalized and
thereby recorded in the Inpatient Register, we also
linked our cohort to the nation-wide Causes of Death
Register. If a subject was found to have different
diagnoses of stroke within 28 days after index
diagnosis, the subtype was defined by the latest
hospital discharge. We obtained information on date
of death from other diseases from the Causes of
Death Register and on date of emigration out of
Sweden from the Emigration Register.

Statistical analysis

Follow-up started at the date of receipt of the returned
questionnaire. Person-years was calculated from the
start of follow-up to the date of first diagnosis of stroke,
date of emigration or death, or end of follow-up (31
December 2002), whichever occurred first. We
calculated hazard ratios as measures of relative risks
(RRs) and corresponding 95% confidence intervals
(CIs) using the Cox proportional hazards regression
model (Proc PHREG, sas version 8.2) [9], considering
anthropometric measures as independent variables
and all stroke, ischaemic stroke and haemorrhagic
stroke as dependent variables. The basic regression

model included only age at entry (as a continuous
variable) as covariate. Multivariable models included
additionally the following covariates: educational
attainment (<9, 10-12, >13 years at school), smo-
king (nonsmoker, ex-smoker, current smoker with 1—
9 cigarettes per day, current smoker with >10
cigarettes per day), alcohol intake (never drink,
<20 g day ™', 20 to <42 g day™ ', 42 <70 g day ',
>70 g day '), age at first child birth (<21, 21-24,
>25 years) and ever use of oral contraceptives (OCs)
at enrolment. Further adjustment was made by
including history of hypertension and diabetes
mellitus in the multivariable model. Trends across
increasing levels of obesity were calculated by
creating a new variable from the median values for
each quintile. This was then used in place of the
quintiles as a single continuous variable.

The study was approved by the Data Inspection
Boards in Sweden and by the regional ethics commit-
tees at Uppsala University and Karolinska Institutet.

Results

Table 1 shows demographic characteristics and
stroke risk factors by categories of body mass at

Table 1 Baseline characteristics of study population: the Women'’s Lifestyle and Health Study cohort, 1991-2002

Body mass index

<20 20-24.9 25-29.9 230

Study cohort 4521 28515 9820 2593
Age at entry (£SD, years) 38.2 5.5 39.5+ 5.7 40.5 + 5.8 40.6 £ 5.8
Education (£SD, years) 129 £ 3.0 124 £ 3.0 11.7 £ 3.0 11.3 £ 3.0
Age at menarche (£SD, years) 133+14 13.0+x 1.3 128+ 1.3 125+ 14
Age at first birth (£SD, years) 252+ 45 244+ 44 23.7 £ 4.5 23.1+44
Parity (mean £ SD) 1.7t 1.2 1.9t1.1 20x1.2 20+1.3
Ever oral contraceptive use (%) 84.4 84.7 80.6 77.8
Age at first use of oral contraceptives (£SD, years) 19.5 £ 4.2 19.8 £ 4.3 20.1 £ 4.6 20.2 £ 4.6
Alcohol intake (g week ~') 25.0+£ 344 27.0 £ 33.8 25.1 £ 36.5 21.1 £44.5
Current smoker (%) 28.7 23.8 25.3 25.6

1-9 cigarettes/day 16.1 13.5 12.6 10.0

>10 cigarettes/day 12.6 10.4 12.7 15.6
Pack-years® (mean * SD) 10.5£ 7.0 10.1 £ 6.8 113 7.2 124 £ 7.7
Smoking before age 20 (%) 45.5 45.6 46.5 47.0
WHR 0.75 £ 0.07 0.77 £ 0.09 0.80 £ 0.08 0.85 + 0.14
Waist (cm) 68.1 £ 5.1 742 £ 59 83.6 £ 7.7 974+ 12.0
Hypertension (%) 5.1 7.2 12.8 22.3
Diabetes mellitus (%) 0.9 0.9 1.6 4.3
Follow-up duration (£ SD, years) 11.0x 1.1 11.1 £ 09 11.0 £ 1.0 11.0x 1.2
Number of incident stroke cases 11 94 49 16

Ischaemic stroke 8 62 30 11

Haemorrhagic stroke 2 27 14 4
Incidence of all stroke per 100 000 person-years 221 29.8 45.2 56.2

SD, standard deviation; WHR, waist/hip circumference. *Pack-years: cigarette smoking packs per day X years of smoking.
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enrolment for the entire cohort. With increasing
body mass, the mean age of the study participants
was slightly higher and the attained educational
level was slightly lower. Women with a BMI of 30 or
higher had the largest number of cumulative pack-
years of smoking, whilst the leanest women had the
highest prevalence of current smokers of one to nine
cigarettes per day. About 22% of women with a BMI
>30 had hypertension diagnosed before cohort
enrolment, compared with 5.1% amongst lean
women with BMI <20. The prevalence of diabetes
mellitus was also markedly higher in women who
were overweight or obese compared with women
whose BMI was in the normal range.

After an average of 11.4 years of follow-up, 170
incident stroke cases were identified: 111 were
ischaemic strokes (occlusion of cerebral arteries),
47 intra-cerebral haemorrhagic strokes and 12
undefined but acute cerebral vascular diseases. The
incidence of stroke per 100 000 women years
increased steeply with age from 6.2 (age 40-44) to
9.1 (45-49), 14.5 (50-54) and 55.2 (55-59). The
corresponding incidence rates for ischaemic stroke
were 3.1, 6.8, 8.1 and 36.5, and for haemorrhagic
stroke were 0, 2.3, 5.6, and 14.8, respectively.

Table 2 shows RRs for stroke and its subtypes by
self-reported birth weight, height, body mass at age
18, and body mass at enrolment. Birth weight
appeared unrelated to risk of stroke, either ischaemic
or haemorrhagic. We also analysed body shape at
age 7, and found no associations either with ischae-
mic stroke or with haemorrhagic stroke (data not
shown). Likewise, we found no significant associa-
tions between adult height and risk of stroke. The
association between overweight (BMI over 24) at age
18 and ischaemic stroke observed in age-adjusted
models was not statistically significant after multi-
variable adjustment for confounding factors, and
largely eliminated when hypertension and diabetes
mellitus — likely intermediary factors — were also
added to the Cox regression model (Table 2). Com-
pared to women with normal body mass at cohort
enrolment, obese women had an excess risk of stroke,
particularly ischaemic. However, this association
became nonsignificant in multivariable models
(Table 2). Besides the analytical models presented
in Table 2 for body mass at age 18 and at cohort
enrolment, we also fitted models adding an indicator
variables for WHR in model 2, but the results
remained basically unchanged (data not shown).
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High WHR emerged as the strongest and least
confounded risk factor for stroke, both ischaemic
and haemorrhagic. Compared with women in the
lowest quintile of WHR, women in the highest
quintile had an age-adjusted RR of 3.1 (95% CI 1.7—
5.4) for all strokes. This risk estimate was only
slightly attenuated after controlling for other risk
factors and still significant when history of hyper-
tension and diabetes were also taken into account
(Table 3). The risk of stroke increased significantly
across quintiles of WHR (P-value for trend <0.01).
The risk estimates were of borderline significance for
ischaemic stroke in the fully adjusted model,
but not for haemorrhagic stroke. Women with
waist-to-height ratio over 0.54 had an about
threefold excess risk for all stroke which was still
highly significant after adjustment for confounders.
This association was stronger for haemorrhagic
than for ischaemic stroke.

Compared with lean women who had a waist
circumference less than 70 cm, women with a
waist 290 cm had increased risks for all stroke,
and for the ischaemic but not the haemorrhagic
subtype. The excess risk with increasing waist was
slightly lower after multivariate adjustment for
either history of hypertension or diabetes mellitus
(data not shown), and decreased further when
these two covariates were included in the regres-
sion model simultaneously (Table 3). When we
added BMI at enrolment to the multivariate
models presented in Table 3, the association
between WHR and risk of stroke became even
stronger. Compared with women in the lowest
quartile, the RR for stroke amongst those in the
highest quartile was 2.1 for WHR, 4.7 for waist-
to-height ratio and 3.7 for waist circumference.
For ischaemic stroke, the corresponding RR was
2.8, 5.6 and 5.8 respectively. The results for
haemorrhagic stroke remained basically un-
changed following adjustment for BMI and at
enrolment. Hip circumference alone was not
associated with the risk of stroke (data not
shown).

Thereafter, we analysed risk of stroke in relation
to body shape changes in different life periods
(Table 4). We found consistent but moderate excess
risks amongst women who remained fat from age 7
to 18; these risks became nonsignificant following
multivariate adjustment. We found no evidence of
an association between changes in BMI from age 18
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Table 4 Body shape change in different life periods and the risk of stroke: The Women Lifestyle and Health Study cohort, 1991-2002

RR (95% CI)

All stroke Ischaemic stroke Intracerebral haemorrhage
No. Age-ad® Model1® No. Age-ad® Model1® No. Age-ad® Model 1°
Body shape change from 7 to 18 years to enrolment
Remained thin 3 0.5(0.2-1.7) 0.5(0.2-1.8) 1 0.3(0.04-2.2) 0.3 (0.04-2.1) 1 0.5(0.1-4.1) 0.6 (0.1-4.6)
Decreased weight 13 1 0 (0.5-1.8) 0 9 (0.5-1.8) 10 1.2 (0.6-2.6) 1.2 (0.6-2.5) 3 0.7(0.2-2.4) 0.7 (0.2-2.4)
Remained average 38 0 (ref.) 0 (ref.) 23 1.0 (ref) 1.0 (ref) 13 1.0 (ref) 1.0 (ref.)
Increased weight 101 1.3 (0.9-1.9) 1.2 (0.8-1.7) 66 1.4 (0.9-2.2) 1.3 (0.8-2.0) 26 1.0 (0.5-2.0) 1.0 (0.5-1.9)
Remained fat 14 8 (1.0-3.3) 4(0.8-2.7) 10 2.1(1.0-4.4) 1.7 (0.8-3.5) 4 1.6 (0.5-4.8) 1.4 (0.4-4.3)
Missing 1 1
P for trends 0.01 0.07 0.03 0.08 0.3 0.4
Adult BMI change (difference between age 18 and at enrolment)
Decreased 18 0.9 (0.5-1.5) 0.8 (0.4-1.4) 16 0 (0.5-1.8) 0.9 (0.5-1.7) 2 6 (0. 1 2.7) 0.5 (0.1-2.6)
Increased 0-1.4 22 1.0 (ref.) 1 0 (ref.) 18 1.0 (ref) 1.0 (ref.) 3 1 () (ref. 1.0 (ref.)
Increased 1.5-4.0 52 0.8 (0.5-1.2) 8 (0.5-1.2) 26 0.5(0.3-0.9) 0.5(0.3-0.9) 22 9 (0. 8 4.7) 1.9 (0.8-4.7)
Increased >4.0 65 1.1(0.7-1.6) () 9 (0.6-1.4) 42 0.9(0.5-1.4) 0.8(0.5-1.3) 17 1.7(0.7-4.2) 1.5(0.6-3.8)
Missing 13 9 3
P for trends 0.9 0.9 0.3 0.3 0.2 0.3

BMI, body mass index. *Adjusted for age (as a continuous variable). "Model 1 adjusted for age (as a continuous variable), smoking, alcohol
intake, age at first birth (<21, <25, >25), years of education (<9, <12, 213), and ever use of oral contraceptives by the time of cohort at

enrolment.

to cohort enrolment — either as weight loss or weight
gain — and risk of ischaemic or haemorrhagic stroke
(Table 4).

Discussion

In this prospective study of Swedish women aged
less than 60 years at the end of follow-up, we found
that compared with women in the lowest quintile of
WHR those in the highest quintile had a twofold
higher risk of stroke. This association was more
marked for ischaemic than for haemorrhagic stroke.
Other indicators of abdominal obesity such as waist-
to-height ratio and waist circumference were also
positively associated with the risk of stroke. The
inclusion of BMI in the statistical models made the
associations stronger for all strokes and for ischae-
mic stroke, but did not alter risk estimates for
haemorrhagic stroke. In contrast, birth weights,
body size at age 7, body mass at age 18 and at
cohort enrolment, adult height and changes in body
size or body mass over time were not independently
associated with the risk of stroke.

Our data support the theory that abdominal
obesity is an independent predictor of stroke risk.
In contrast, BMI, the most commonly used meas-
urement of overweight and obesity in epidemiolog-
ical studies, was not an important determinant of

risk [10-13]. As a corollary, consequences of the
global burden of overweight and obesity on cardio-
vascular diseases, and in particular on stroke,
become underestimated if only the prevalence of
BMI and not the prevalence of high WHR is taken
into account in epidemiological studies, as recently
emphasized [5].

The strengths of our study include the prospective
design and virtually complete follow-up through
record linkages. Few previous studies on stroke have
been conducted amongst women below age 60. The
main limitation of our study is the relatively small
number of stroke cases diagnosed during follow-up.
In particular, the limited number of women with
haemorrhagic stroke precluded conclusive assess-
ment of aetiological heterogeneity between this
outcome and ischaemic stroke. Moreover, because
exposure data were self-reported at cohort enrol-
ment, misclassification of weight may have
occurred, as overweight and obese women tend to
underreport their weight [14]. It is reassuring,
however, that in a previous analysis of the same
cohort, body mass [15] was a strong predictor of
overall mortality. We excluded 11 871 women who
lacked information on waist or hip circumference,
due to the similarity in distribution with the study
population both in risk factors and stroke incidence
(data not shown). The self-assessed body size early in
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life was based on pictograms: this was a crude and
nonvalidated measurement, and therefore probably
prone to misclassification. It serves the only purpose
of giving some indication of the direction of the
associations, as it is likely to have captured extremes
in a body size (very thin/very fat girls compared with
peers).

Vague first suggested in 1956 that atherosclerotic
risk was higher in those with abdominal compared
with lower body obesity [16]. BMI may be a poor
indicator of obesity. In our study, contrary to WHR
and other measures of abdominal obesity, BMI was
not clearly associated with stroke risk in multivariate
analysis. Women with the lowest BMI at cohort
enrolment had the highest prevalence of current
smoking, and the highest prevalence of hypertension
and diabetes. These factors may have increased the
risk of stroke, and therefore confound the association
between BMI and stroke. Moreover, weight or BMI
may have remained stable or decreased during study
follow-up period, whilst adiposity may have increased
[17, 18]. We and others [19] found that the
measurement of central adiposity such as WHR was
a better predictor of stroke than BMI.

We found no association between self-reported
birth weight and risk of stroke. There are few
published studies on this subject, with contradictory
results. One study found that each additional
kilogram of birth weight was associated with a
11% decreased risk of stroke, with the exception of
macrosomic infants [20]. In another cohort of
women and men from Sweden, each kilogram
increase in birth weight was associated with a
41% decreased risk of haemorrhagic stroke [21]. In
the study by Singhal and Lucas, stroke risk generally
rose with adult BMI and dropped with high birth
weight, implicating rapid weight gain as a risk factor
for stroke, as suggested by the ‘growth acceleration’
hypothesis [22].

Abdominal obesity may increase the risk of stroke
through conventional vascular risk factors. WHR is
an indicator of the absolute amount of abdominal
visceral fat. Intra-abdominal fat has high lipolytic
activity and is less sensitive than subcutaneous
adipose tissue to the inhibitory effect of insulin on
lipolysis [23]. An increased abdominal adipose tissue
is therefore associated with an increased supply of
free fatty acids to the liver [24]. This may increase
hepatic production of very low-density lipoprotein
(VLDL). WHR is also positively correlated with
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plasma concentration of triglycerides and of VLDL
and LDL cholesterol and inversely associated with
HDL cholesterol [25-27]. Some studies have shown
that abdominal obesity is related not only to
endothelial dysfunction, an early marker of athero-
sclerotic disease, but also to haemorheological
disorders such as hypervisicosity, hyperfibrinogen-
aemia, reduced red cell deformability and erythro-
cyte aggregability [28, 29]. Other biological
mechanisms, including increased insulin resistance,
enhanced platelet activity through increasing lipid
peroxidation and inflammation, may also mediate
the effects of abdominal adiposity [19].

Our data demonstrate a strong association be-
tween abdominal obesity and risk of stroke in
women below age 60, without excluding a modest
association between BMI and stroke. Hence, we
provide further evidence of the importance of
considering fat distribution when evaluating associ-
ation between obesity and chronic diseases. We
believe that our study has public health implica-
tions, particularly for working age women. Preven-
tion of obesity, and possibly weight reduction
amongst obese persons, especially reduction in the
waist circumference, may favourably alter risk
factors such as blood pressure, blood sugar level
and serum lipid level, which are known to be
important in the development of stroke.
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